One of the greatest concerns in the field of addiction (substance use disorders) has been the emergence of Bnew psychoactive substances^(NPS), referring to drugs whose widespread recreational or illicit use has only recently emerged as a public health problem. Indeed, the use of NPS has increased in recent years for each of the major classes of abused drugs, including opioids, cannabinoids, and stimulants (Graddy et al. 2018) . One of the primary concerns about the widespread use of these drugs is that their properties are not fully understood, so that the degree of a threat that they pose for addiction, overdose, or other health consequences is uncertain. Initial evidence is based upon case reports at best, or hearsay at worst, but suggests that many of these drugs may present greater threats for abuse, addiction, adverse events, or overdose than the established drugs of abuse that they are replacing. The specter of a stimulant or cannabinoid version of fentanyl looms on the horizon, worrying public health officials, medical practitioners, and scientists alike. In some cases, the production of NPS is intended to bypass current restrictions by producing analogues with similar subjective effects that are not illegal (Baumann et al. 2014; Karila et al. 2015) . In the case of cathinones (the β ketone analogues of amphetamines), the emergence of these drugs has come in waves, with initial waves being made illegal by regulatory agencies only to be replaced by subsequent waves of alternative analogues with similar properties, but which are not yet regulated. This game of regulatory Bwhack-a-mole^is exemplified by the progressive regulation of more and more cathinones by the United States Drug Enforcement Administration between 2011 and 2017 as new waves of these drugs emerged on illicit markets (Drug Enforcement Administration 2011 . Although the US Federal Analogue Act (21 U.S.C. § 813) allows the scheduling of analogues based on their similarity to existing scheduled drugs, in practice this requires substantial information about substances which is often not available. It is difficult to establish several key properties of these drugs that would make them fall under such regulation: What really constitutes an analogue? How do we establish abuse or addictive potential? How do the properties of these drugs compare to already scheduled drugs? (for discussion of these issues see King et al. (2014)) It is worth noting that the widespread emergence of NPS has coincided with a widespread increase in the abuse of opioid drugs, in the USA and elsewhere, and consequent overdoses from these drugs in epidemic proportions. Although the origins and ultimate causes of this epidemic are quite complex, the initial phase began with very widespread use of opioid analgesics, resulting in a first phase characterized by increasing numbers of overdoses involving prescription opioids during the 1990s (Centers for Disease Control and Prevention 2012). The second phase began with a shift towards a greater number of heroin overdoses (Rudd et al. 2014) . This shift was the result of many factors, including greater emphasis on preventing licit and illicit access to prescription opioids, consequently increasing the street price of these drugs, along with an influx of inexpensive high-purity heroin to the USA. The third phase, which we are still experiencing, involved the substitution of illicitly manufactured fentanyl and fentanyl analogues for heroin (Peterson et al. 2016) . These phases of the opioid epidemic are represented in Fig. 1 . Among other trends, it is quite clear that as of 2017, overdoses from fentanyl and fentanyl analogues were still increasing at an alarming rate. The danger of these opioids is not surprising given their much greater potency (Volpe et al. 2011) . It should be clear here that the transition to high-potency opioid analogues was less a matter of supply than demand. Users take these highly potent opioids to produce the same effects as the less potent ones, and the more potent the drug the greater its attraction among many users, despite the dangers, although greater risks do discourage some use (Ciccarone et al. 2017) . Various opioids are sold on the street as Bheroin,^which to some extent has become a generic term among users for drugs with opiodergic effects. Indeed, Ciccarone et al. (2017) note that users may have difficulty discriminating the Btype of heroin( e.g., heroin, fentanyl, some other fentanyl analogue, or some mixture). This uncertainly alone, as well as varying purity of illicit drugs, also contributes to the likelihood of overdose. Another factor that may also contribute to the increased sale of fentanyl and fentanyl derivatives may be from the distribution side. Most of these drugs are imported to the USA from abroad; their increased potency also means that a smaller volume (for the same number of sales units) needs to be imported compared to heroin.
Given these considerations, an important question would be where the drug epidemic is going next. As is clear in Fig. 2 (from drugabuse.gov), the next phase in this epidemic is already in progress: there was a notable increase in stimulant overdoses, both for cocaine and other stimulants such as methamphetamine, in 2016 and 2017. Moreover, this may not just reflect increased use of stimulants, but also the much more dangerous practice of combining stimulant and opioid use. One study found large increases in combined observation of positive results for opioids and stimulants between 2013 and 2018 in samples from several medical settings (LaRue et al. 2019) . Combined fentanyl and cocaine positive results increased from 0.9% in 2013 to 17.6% in 2018. Combined fentanyl and methamphetamine positive results increased from 0.9% in 2013 to 7.9% in 2018. This suggests that the combined use of these drugs is likely to constitute the next phase in the drug epidemic. Indeed, at least one analysis has suggested that the upward trend in cocaine overdoses is associated with combined use with opioids (McCall Jones et al. 2017) . Although focus is starting to shift to the somewhat familiar combination of stimulants and opioids, the combination of stimulants with the highly potent fentanyl is a new problem. This development should be considered in a wider context as well-it reflects not just the combination of two illicit drugs to produce a more desired combined effect, but Fig. 1 Representation of yearly overdose rates between 1999 and 2017 from prescription opioids (purple), heroin (yellow), and fentanyl and other synthetic opioids (blue), constituting the three waves of the opioid epidemic that are defined on the x-axis (reprinted from https://www.cdc. gov/drugoverdose/epidemic/index.html) also the inclusion of a highly potent analogue in this drug combination. The emergence of highly potent analogues of other drugs, including many of the cathinones (Baumann et al. 2013; Gannon et al. 2018) , may lead to similar public health concerns as these drugs become more widely used. Indeed, they may already be more widely used than is currently appreciated.
One of the problems that arose with the widespread use of fentanyl and fentanyl analogues was that many users did not initially know that they were using these drugs. The same is true of many of the cathinones, which have effects similar to those of methamphetamine, methylenedioxymethamphetamine (MDMA), or cocaine. Indeed, studies have found that many users that thought they were using BMDMA/ecstasy/molly^test-ed positive for various cathinones (Palamar et al. 2017; Palamar et al. 2016 ). These studies, as well as the previous discussion about fentanyl/heroin, clearly indicate that drug users do not always know the exact drug that they are taking, and are willing, or actively seek, to combine drugs to produce desired effects.
Local drug suppliers may also combine drugs in a market competition for clientele-without disclosing the Bspecial ingredients^to users of course. These factors may contribute to the likelihood of overdose as a high proportion of drug overdose cases involve ingestion of multiple drugs, as exemplified by the case of mephedrone (Papaseit et al. 2017) , although the problem is far from new (Coffin et al. 2003 ).
Contributions to this special issue
The potential for NPS to exacerbate the ongoing drug overdose epidemic, even beyond the current catastrophic levels, gives even more impetus to the study of these emerging drugs. The present volume focusses on one class of these drugs, synthetic cathinones. This is a diverse class of drugs with effects similar to established illicit psychostimulant drugs, but little research had been devoted to their study until recent years. This issue begins with a review by Bonson et al. that addresses the difficulties that have emerged as authorities have sought to regulate these drugs, and the considerations for the regulatory process illustrated by the recent history of these regulatory efforts. As a more specific example of these types of difficult decisions, Gauvin et al. provide a response to a previous article calling for the regulation of BKratom^(containing the novel opioid mitragynine). Decisions about the regulation of drugs for their abuse/addictive potential are of course determined by our understanding of their abuse potential, therapeutic potential, and potential for adverse outcomes. For illicit drugs, this often begins with clinical observations of adverse effects. An article by Ameline et al. considers the p r o b l e m o f i d e n t i f y i n g a l e t h a l d o s e o f 3 -methylmethcathinone based on clinical observations. As noted above, one of the ways in which the drug epidemic may continue to worsen is through the combined use of illicit drugs, particularly stimulants and opioids. Oliver et al. contribute a report that is directly relevant to this issue, on the adulteration of other illegal drugs with cathinones.
Mechanistic studies of cathinones will tell us much about their potential for various physiological effects. Sprague and colleagues review how modifications of the core cathinone structures affect the pharmacokinetic properties of cathinone analogues. Several reports published here investigate the properties of cathinones that might underlie their behavioral effects, including their ability to increase extracellular monoamine levels (articles by Marusich, Blough, Eshleman, Baumann, and their colleagues), including relative actions at the three main monoamine neurotransmitters, as well as the relative effects on monoamine reuptake and release. Several other reports included here address other aspects of cathinone actions, including the effects of cathinone drug combinations (Megarbane et al.) , regulation of dopamine transporter levels (Pubill et al.) , interactions of the related compound 2-aminoindane, and its analogues, with α2 adrenergic receptors as well as monoamine transporters (Halberstadt et al.) , and the attributes of cathinones that may contribute to their discriminative stimulus effects (Baker et al.) . To complete this section, a review by Eltit and colleagues reviews a new approach to profiling the effects of amphetamines and cathinones on monoamine transporters using calcium biosensors.
Understanding the actions of cathinones and their risk for abuse and addiction liability requires behavioral studies of their reinforcing properties. This topic is initially considered here in a review by Lopez-Rodriguez and colleagues that focusses upon drug-drug interactions, continuing the theme of polydrug use and abuse in this volume. Several original investigations (articles by Walker, Collins, Erwin, Negus, and their colleagues) report on the reinforcing effects of cathinones as examined through several different approaches to this topic. An important aspect of these studies is the potential of many cathinones to have greater reinforcing effects than other psychostimulant drugs such as amphetamine and cocaine. A final original report on the behavioral effects of cathinones (Nelson et al.) addresses the potential of cathinones to induce aversive effects, as determined by conditioned taste aversion. The relative rewarding/aversive potential of these drugs is another factor that will influence their potential for abuse (Verendeev and Riley 2012) .
Amphetamines, including both methamphetamine and MDMA, have long been known to have the potential to induce monoamine neurotoxicity (for review see Carvalho et al. (2012) ). Surprisingly, it has been suggested that many cathinones may be less likely to induce such effects (for discussion see Angoa-Perez et al. (2017) ). This topic is further explored in this volume in a review by Olive and colleagues, that specifically addresses the potential role of inflammatory processes in adverse responses to cathinones, including cognitive impairment. Two original studies (by Kuhn, Murnane, and colleagues) further examine the roles that other factors may have in the potential for cathinone-induced neurotoxicity.
Conclusions
The articles included in this collection will contribute to filling the large gaps in our knowledge about the potential of synthetic cathinones for abuse, addiction, and various adverse outcomes. This knowledge is important because the use of these drugs continues to rise, even as their diversity expands. Moreover, it is clear from use and overdose data trends characterizing the ongoing epidemic of drug overdoses that stimulant drugs, and co-use of stimulant and opioid drugs, are initiating the next phase of this epidemic (Wave 4). Moreover, just as increases in the use of high-potency opioid agonists (e.g., fentanyl and fentanyl analogues) have greatly exacerbated this epidemic, there is the potential for higher potency stimulant drugs, including higher potency cathinones analogues, to similarly contribute to an exacerbation of the epidemic.
